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Abstract. A quasar wind model is proposed to describe the spatial and velocity structure 
of the broad line region. This model requires detailed photoionization and magnetohydro- 
dynamic simulation, as the broad line region it too small for direct spatial resolution. The 
emission lines are Doppler broadened, since the gas is moving at high velocity. The high 
velocity is attained by the gas from a combination of radiative and magnetic driving forces. 
Once this model is complete, the model predictions will be tested against recent microlens- 
ing data in conjunction with diverse existing observations. 
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1. Introduction 

Broad emission lines are a prominent spec- 
tral features of quasars. The physical state and 
geometry of this region is poorly understood 
since the broad line region is not directly re- 
solvable. 

The broadening of these emission lines is 
so extreme, that speeds of up to O.lc are ob- 
served. Temperature and number density limits 
can be inferred from observations of the rela- 
tive strengths of broad emission lines. The tem- 
perature inferred from observations is too low 
for the broadening process to be thermal, there- 
fore the gas producing these emission lines is 
moving at high speed relative to the quasar rest 
frame. 

This model proposes that the gas is acceler- 
ated outward by photon and magnetohydrody- 
namic forces. Direct spatial resolution of this 
region is not possible. In order to determine the 
geometry, origin and nature of this gas, simu- 
lation is required. 



2. Photoionization 

The model aims to simulate the broad emission 
line spectrum of a quasar using photoioniza- 
tion. The photoionization code, Cloudy (writ- 
ten by Gary Ferland and collaborators) will be 
used to calculate both the radiative forces ac- 
celerating the gas and a spectrum from a given 
set of initial conditions. Free model parameters 
can be constrained by varying the initial input 
conditions. 

Asymmetrical profiles of broad emission 
lines are strong e vidence for an outflowing 
wind (lElvisll2000h . In the case of an outflow- 
ing gas, the line optical depths are modified by 

r (D 

as described bv lCastor I (119741) . where t/ is the 
line optical depth, k/ is the mono-chromatic 
line absorption co-efRcient, p gas is the broad 
line gas density, Vthermal the thermal velocity of 
the gas and a gas the gas acceleration. 
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Fig. 1. A schematic showing the proposed structure of the wind. lEverett I (2005 ) 

3. Accelerating the Gas 

In this model, the gas that produces the broad 
emission lines originates from the accretion 
disk. The gas is then accelerated outward mag- 
netohydrodynamically and radiatively by both 
continuum and line driving. X-ray shielding 
gas is included in this model, which pre- 
vents the wind from becoming over-ionized, as 
shown in Figure[T| 

4. Tests of this model 

Broad line flux ratios are highly indica- 
tive of physical parameters such as number 
density, ionization parameter and metallicity. 
Observations of broad line fiux ratios can be 
used to constrain free parameters and test the 
validity of this model. Cloudy simulations also 
predict the flux of each broad emission line as a 
function of radius. These predictions can then 
be compared to reverberation mapping results 
as a test of the model predictions. It is pos- 
sible to extend this model to account for gas 
dumping, rather than a smooth outflow as de- 
scribed. It is expected that a broad line region 
consisting of clumped gas would give signifi- 
cantly different results, since the velocity pro- 
file and ionization structure would differ. 

References 

Castor, J. L. 1974, MNRAS, 169, 279 



Elvis, M. 2000, ApJ, 545, 63 
Everett, J. E. 2005, ApJ, 631, 689 
Murray, N. & Chiang, J. 1998, ApJ, 494, 125 



